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Fig. 2. Methodology proposal of M&S
To model and simulate the complete system are considered six stages, which in order to the case of approaching task of explosive device are omitted the stages 1 and 3, in addition the stage 2, 4 and 5 are done according to stage. For modeling the complete system are considered six stages:
Stage 1. The coupled MU-UWMM in steady state, the manipulator uses its 4 degree of freedom for a test of trajectory tracking, considering that the platform rotates over itself. Stage 2.
The MU-NH-UWMR with the mounted manipulator in its platform, executes the test of trajectories tracking. Stage 3.
The coupled MU-UWMM is moved forward in a straight line moving its manipulator arm. Stage 4.
The coupled MU-NH-UWMM executes the test of trajectories tracking. Stage 5.
Simulation static (FEM) and dynamic of coupled system. Stage 6.
Simulation static (FEM) and dynamic of coupled system.
First is considered the modeling of the manipulator coupled over a platform rotation and then develops a mathematical model of the unit coupled in movement. To begin with the modeling and simulation is necessary to establish the parameters of design and the conceptual design according with the mechatronic design of MU-NH-UWMM, these are shown in the table 1. Remark 1, Like is shown in the figure below the locomotion of the traction system is formed by 2 drive wheels and 2 free wheels, the drive wheels are set in appositive way, which it allows the rotation of platform when v v , constituting the joint of torso for the case of handling task (Lewis, F. L.,1993) . Remark 2, Like is shown in the figure below the kinematic scheme for the case of handling task is governed by the equation φ θ d θ θ T , which omitted de translation in x and y
Remark 3, Assumptions of Motion in a horizontal plane: 1) Punt of contact of wheels 2) Wheels not deformables 3) Rotate pure 4) In the punt of contact v=0 5) Not slip 6) Axis of steer ortogonales to the surface 7) Wheels connected by a rigid body (chassis) Fig. 4 . Kinematic Schematic for coupled system Table 3 .Denavit-Hartenberg kinematic parameters
Approaching {WM} (Stage 2)
The platform has two driving wheels and two passive supporting wheels. The two driving wheels are independently driven by the dc motors. The following notation will be used in the derivation of the constraint equations and dynamic equation (Yamamoto Y. & Yun X., 1994) .
Fig. 5. Kinematic Schematic for coupled system
Instantaneous center of rotation (ICR) or instantaneous center of curvature (ICC) is a cross point of all axes of the wheels (Jackey, A., 2002) ,with mobility degree 2 and degree of steereability 0.
Three variables x , y , φ describe the position and orientation of the platform. Two variables specify the angular positions for the driving wheels (Choset,H., 2005) . Adding non-holonomic constraints Is that the platform must move in the direction of the axis of symmetry (holonomic).
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Are the rolling constraints, not slip (non-holonomic).
x cosφ y sinφ bφ rθ (3)
x cosφ y sinφ bφ rθ
The Mobile platform's equation of motion is described by: 
Transport {WM+M} (Stage 4)
The system is subjected to three nonholonomic constraints of:
By taking the independent joint velocitiesv B T θ R θ L , the corresponding null-space matrix that annihilates the constraint matrix can be determined as:
This is valid for the case when the wheels are not slipping or skidding (Bayle B., Fourquet J.Y. &RenaudM., 2003) . We define a look-ahead point P with Cartesian coordinates: Fig. 6 . Kinematic Schematic for coupled system
The corresponding Jacobian that relates independent joint velocities to velocity of the look-ahead point is:
The rest of the parameters are listed in 
We consider the task-space to be the Cartesian coordinates of the end-effectorx x , y . The Jacobian relating independent velocities to task-velocity is written as:
x Jv, J J WM J M and J M L S L S L C L S
Finally, assume that the constrained dynamics of the MU-NH-WMM is written as:
Where H S T H S is the inertia, c S T H S c is the Coriolis/centrifugal/damping terms, τ S T E M τ M is the input torque, and τ E S T E E F is the external forces/torque, all described in the feasible motion space. For a kinematic redundant system, the dimension of v is greater than the dimension x Hence, the general solution for v is written as:
Where J # and N are the generalized pseudo-inverse and the null-space of J, respectively, and Nz is the consistent joint velocity due to the internal motion of the manipulator. A resolved acceleration scheme can be written as:
Where the first two terms are the joint-space acceleration required performing the task, and the last two terms represent the consistent joint-space acceleration due to the internal motion. The relationship between the task forces F and the joint forces τ can be similarly written as:
Where N T I J T J #T projects the arbitrary (internal) joint torques τ Z to the null-space of J T to provide consistent manipulator motion. However, the pseudo-inverse J # might not be "consistent" with the dynamic of the manipulator. Hence, we define a weighted pseudoinverse of J by the inverse of the manipulator inertia matrix H as:
Such an inertia-matrix weighted pseudoinverse has geometric significance since it endows the final task space with a kinetic energy metric defined on the tangent space of a selected manipulator (Bullo, F. &Lewis, A. D., 2004) .
In (23), filters the overall dynamics using J T J #T to allow only the task-space dynamics to pass through. Likewise, uses NT to retain the null-space component of the combined dynamics.
Includes all the crosscoupling dynamic terms. Thus, taking J # J and N N, is:
Where M J T HJ JH J T is the apparent inertia, µ J T c MJ v is the apparent Coriolis/centrifugal/ damping terms, F J T τ is the apparent input force, and F E J T τ E is the apparent external force, all described in the task-space. The control input that decouples the taskand nullspace can then be defined as:
Where u and v are the new control inputs to the task-and null-space, respectively. After substituting (25) into (23) and simplifying, the final equivalent controlled closed loop dynamics in the independent task-and null-spaces may be written, respectively, as:
We note that due to the explicit performance of nonlinear feedback linearization, the two subspace dynamics correspond to those of equivalent linear systems. Hence for the task-space,we select an impedance controller (Tang, C. P.; Bhatt,R. M.; Abou-Samah, M.; &Krovi, V., 2006) :
Where the superscript d indicates the desired quantities; e x x, e x x are the end-effector position and velocity errors, respectively; K V , K P and K F are positive definite constant matrices (to maintain stability); and F E is the desired end-effector force which creates the closedloop task-space behavior of a second-order springdamper-mass system with a driving force determined by the desired impedance as:
Where to e x x is the acceleration errors. The selection of the control gains can now be done by appropriate linear pole-placement techniques. In this paper, we consider F E 0 and F E is an "external disturbance force" at the end-effector. However, this can be extended to the case with force regulation. Finally, it is noted that such a nonlinear feedback linearization allows one to explicitly cancel the nonlinearities and replace the original dynamics with an (exact) linearized dynamical system. Such a model-based controller design tends to be dependent on accurate dynamic modeling. However, as noted in (Tan,J.; Xi, N.; & Wang, Y., 2003) ,even in the absence of a model, PD control with gravity compensation, is sufficient to ensure point stabilization (and even permits tracking albeit with some lag). Hence, inadequate modeling here would allow a graceful but stable degradation of the performance during the transition from the completely linearized (computed torque) case to the uncompensated (unmodeled) case.In the first case, a kinematic controller for the MU-WMR is derived from the kinematic equations in (11). As long as the look-ahead point does not coincide with the midpoint of the wheel axle J B is nonsingular. Hence the wheel velocities v B can be determined from the velocity of the look-ahead point as:
This can be extended to factor in a closed-loop Cartesian error dynamic for the look-ahead point as:
Where x B and x B are the desired position and velocity of the look ahead point, respectively. In the second case, we choose the dynamic tracking algorithm to achieve input-output linearization and input-output decoupling. In our case, choosing the look-ahead point to be the output of the system is corresponding to the Type I output. The necessary and sufficient condition for inputoutput linearization for the proposed choice of outputs is that the decoupling matrix has full rank. Thus, similarly, the only singularity occurs when the look-ahead point coincides with the midpoint of the wheel axle. Using the dynamic equation in (12) converted to x ξ, whose controller is designed using standard linear control techniques.
Disposal {WMM} (Stage 5)
In this section, a mechatronic unit with ability to move in a vertical plane which is mounted on a 4-wheeled vehicle is considered. Because of the especial task of the mobile manipulator, the path of mechatronic unit and the desired task of the end-effector are predefined. Thus there are some limited configurations of manipulator while moving along its desired path. These arrangements of manipulator do not satisfy the zero. The schematic picture of redundant manipulator with attached coordinates to its links is shown in Figure 7 , the free body diagram of the mechatronic unit coupled is also shown in this figure. The forces and torques equations in x-y plane are as follows:
Assuming that the vehicle of mobile manipulator is symmetric with respect to x-y plane, it is clear that the forces F and F are equal and also F is equal to F Considering the unit at the steady state conditions, where velocities at different directions are constant, the kinematic equations may be found as follows: P a L cos θ λ L cos θ λ L cos θ θ (33)
The velocities and acceleration equations of the endeffector can also be determined by differentiating from equations with respect to time (Fruchard, M.; Morin,P. & Samson, C., 2006) . Therefore, for solving the inverse kinematics of the system, two equations for the position of the end-effector in the x-y plane, two equations for velocity of the end-effector are employed. These are further to the two equations for the acceleration of the end-effector which are zero in this work. The 9 unknown variables are;θ , λ , θ for angular positions,θ , λ , θ for angular velocities and θ , λ , θ for angular accelerations, respectively. Subsequently, the method for determining the 9 unknown variables with 6 equations will be discussed. For optimal stability of the mobile manipulator, the summation of tires upward forces F , F should be set equal to the summation of forces F and F . This leads us to define a performance index to be at its minimum value during the motion of mobile manipulator.This performance index can be set equal to the torque exerted on the first joint of manipulator attached to theunit. This equation is calculated by Lagrangian method and its accuracy is checked with the Newton-Euler iteration technique (Velinsky S. A. & Gardner,J. F., 2000) . The torque acting on the first joint in the case of shooting to disposal the explosive device attached to the unit is as follow:
Results and Validation
The Performance index of WMM when v = 1(m/s), b = 0.5(m),α = 0.5(rad). The design criterion was to control the mobile platform so that the manipulator is maintained at a configuration which maximizes the manipulability measure. We could use the desired path y to feed back the error ( 
